The oxidation stability of local base stock, delivered from Co-operative Petroleum Company. In the presence of two prepared 
excellent oxidation inhibitors in a wide range of media and are selected essentially from empirical knowledge based on their macroscopic physicochemical properties. Recently, theoretical prediction of the efficiency of oxidation inhibitors has become very popular in parallel with the progress in computational hardware and the development of efficient algorithms which assisted the routine development of molecular quantum mechanical calculations [24] .In the present work, new two azo-phenol derivatives have been prepared and evaluated as antioxidant for lubricating oil.
II. Experimental
Raw Material Base Stock Oil: Hydro finished base stock oil (HBS) sample was obtained from Co-operative Petroleum Company. The Reagents:
All reagents purchased from Merck, Aldrich and Fluka chemical companies. They were of analytical grade and used without further purification.
Preparation of additives (I and II) [26, 27]: Diazotization:
A mixture of aniline derivatives (4-methoxyaniline, 4-nitroaniline) (0.05mol) was dissolved in distilled water and (0.05mol) of dilute hydrochloric acid. The mixture was cooled in ice bath to zero. Sodium nitrite (0.05mol) was added drop wise while stirring. Maintaining the temperature from 0-5 o c, the resulting mixture was stirred for 1h.
Coupling:
A solution of phenol of (.05mol phenol was dissolved in (0.05mol) NaOH in 15 ml of water, was cooled to 0-5 o c in an ice bath. This solution was then gradually added to the prepared diazonium solution. The mixture was stirred for further 20 min. The product was acidified by acetic acid. The product was filtered, washed with distilled water and recrystallized from acetic acid. The main scheme of preparation is shown as follows.
Scheme I Oxidation Stability Study
The oxidation test was carried according to ASTMD-943 standard method. The operating temperature was changed to 120 0 c instead of 90 0 c. The oxidation cell in the static mode contained 200 ml. base stocks, and activated copper and iron wires Catalysts. The base stock sample was subjected to oxidation with pure oxygen (99.95%) at a flow rate of 0.1 liter/hour for maximum 96 hours. The characterized azo-phenol derivatives compounds (I-II) were added in different concentrations (200, 400 and 600 ppm). The oil sample after, 24, 48, 72 and 96 hours of oxidation time were analyzed for viscosity, total acid number and infra-red spectroscopy.
Total Acid Number (Tan) And Viscosity
Total acid number and viscosity were carried out according to ASTM standard test methods (D-664 and D-445), respectively).
Ft-Ir Spectroscopy
Infra-red spectra of the oxidized samples at different periods were recorded on FT-IR Spectrophotometer, Model 960M000g, ATI Mattson Infinity Series, USA. The spectra of the studied samples were measured in the range of 4000 -400 cm -1 with a suitable scan resolution 4cm and scan rate 32 cm/min. Elemental analyses were carried out in the Micro analytical Center, the center publication for research, Cairo, Egypt. By Elementary Viro El Microanalysis. 1 HNMR spectra recorded on a Varian 300 MHz (Germany 1999) using TMS as internal standard (Cairo University). Mass spectroscopy was one using direct inlet unit (D1-50) of SHIMADZU GC/MS-QP5050A. At the regional center for mycology; AL-Azhar university.
III. Results And Discussion
The physicochemical properties of the base stock are carried out according to ASTM standard test methods. The results are tabulated in Table- (1) Confirmation of the structures for I and II The structure of I and II is elucidated via the following tools of analysis: The prepared additives were added to local base stocks. The blend obtained were subjected to sever oxidation condition 120 o c. sample were taken at intervals of 24 hours and up 96 hours of oxidation. Usually the total acid number of the oil increases by increasing the oxidation time. The increment of TAN value is due to oxidation processes which produce peroxides. These peroxides undergo further reaction to form alcohols, aldehydes and ketones. The total acid number is affected by the formation of carboxylic acids after prolonged oxidation and increases with increasing carbonyl formation which deteriorates the lubrication ability of the oil [28-32]. 
Effect of substituted alkyl additives
In presence of additives I (with donating group), II(with drawing group),the results of the total acid numbers are given after thermal oxidation of the base oil for 24 hours, table (7) . First of all, the total acid numbers decrease by increasing the additive dose from 200 part per million to 600 parts per million. Among the two azo phenols compounds I, and II, the efficiency order of these compounds towards decreasing TAN is ranked as follows II > I.
Effect of additives concentration
The data shown in Figures (1-3) represented the relation between the total acid number and the oxidation time when using the additive concentrations 200, 400 and 600 ppm. Figures (1) showed the relation between the additives concentrations (I and II) and the total acid numbers with the oxidation periods (24, 48, 72 and 96hrs). Figure-(1) (with 200 ppm.) showed that the fresh base stock oil and the compound II additive gave poor results of total acid numbers than compound I. Figure-( 2) showed that, with the concentration of 400 ppm. , the order of increasing inhibition efficiency is ranked as follows: I > II > Fresh. In case of Figure (3) , with 600 ppm. Additives concentration, it is clear that there is a marked increase in the total acid number on using all the additives used and the order of increasing efficiency was as follows: I > II > Fresh sample. 
IV. Viscosity
Viscosity is one of the most important properties for the characterization of lubricants and their transport properties, and it is a measure of internal friction in a fluid. In general, the viscosity of base oil increases with the operating time of oxidation. The increase in viscosity is due to the polymerization in the molecular structure. During oxidation, the oil degrades from peroxides to carboxylic acids, thus forming a long chain molecular structure. This structure can polymerize to form big molecules with significantly high viscosity indicating that heavy lubricant degradation exists. The viscosity is always decreased by the addition of additives to the oil as a result of thermal oxidation. The data of the viscosities are tabulated in Tables (11-14) and graphically represented in Figures (4-6) . Infrared spectroscopy (IR) is a powerful tool for investigating oil sample degradation. In general, an oil sample will form different oxygen-containing compounds at different oxidative stages. IR was therefore used to monitor the changes in oxygen-containing functional groups in response to high temperature, in order to determine the thermal oxidative mechanism for the lube base oil sample [33]. The degree of degradation upon exposure to oxidation was monitored by changes in the structure (FTIR). Oxidative degradation led to generation of carbonyl groups in oxidation products. Carbonyl peak Index (CPI) was used to characterize the degree of oxidation of the studied oil. . These have been calculated by the baseline method [34]. Tables (15-18) show the values of the carbonyl peak index of the studied oil samples. Plotting the area of the carbonyl peak index appearing in the FT-IR spectra as a function of the oxidation time has already been demonstrated to provide an insight into the oxidation kinetics of hydrocarbons and into the effect of lubricant additives on the oxidation of base stocks [35] . Fig (7,8 and 9 ) shows the changes of CPI as a function of oxidation time.It was observed that once oxidation of the base oil carbony1 formation accelerated and the carbonyl index values of the oils are shown to increase with the oxidation time. As the additive concentration was increased, carbonyl absorption decreased, indicating oxidation inhibition by the additive.
Correlation of the antioxidant character of the heterocyclic additives with their structures
Using the Ab initio (HF/3-21G) and semiempirical (AM1, MNDO and PM3) methods of calculations by Chem Bio Draw Ultra 12 software, the Huckel and Mulliken charges, the dipole moments, EHOMO (the highest occupied molecular orbital) and ELUMO (the lowest unoccupied molecular orbital) values were calculated. The charges representative atoms and other relevant quantum parameters were listed in Tables 14  and 15 . The optimized structure of the molecules and the electric/orbital density distributions of HOMO and LUMO illustrated in Fig.5 and Fig.7 respectively.Mulliken population analysis is mostly used for the calculation of the charge distribution in a molecule [36] . These numerical quantities are easy to obtain and they provide at least a qualitative understanding of the structure and reactivity of molecules [37] . The dipole moment is another indicator of the electronic distribution in a molecule. It is one of the properties used to discuss and to rationalize the structure [38] . No significant relationship has been found between the dipole moment values and inhibition efficiencies. Besides, there is a lack of agreement in the literatures on the correlation between the dipole moment and inhibition efficiency [39] [40] . Highest occupied molecular orbital energy (E HOMO ) and lowest unoccupied molecular orbital energy (E LUMO ) are very popular quantum chemical parameters. These orbitals, also called the frontier orbitals, determine the way the molecule interacts with other species. The HOMO is the orbital that could act as an electron donor, since it is the outermost (highest energy) orbital containing electrons. The LUMO is the orbital that could act as the electron acceptor, since it is the innermost (lowest energy) orbital that has room to accept electrons. According to the frontier molecular orbital theory, the formation of a transition state is due to an interaction between the frontier orbitals (HOMO and LUMO) of reactants [41] . Tables 14 and 15 it is found that the E HOMO and the E LUMO changed rulelessly, while the energy gap E LUMO -E HOMO ; the difference in energy between the E HOMO and E LUMO decreased with increasing the inhibition efficiency. The energy gap (ΔE) is an important stability index [42] . A large HOMO-LUMO gap implies high stability for the molecule in chemical reactions [43] . The values of (ΔE) indicate remarkably that the smaller energy gap results in a high oxidation inhibition, reflecting the stronger interaction between the inhibitors and metal surface. The interactions are probably physical adsorption [44] [45] . 
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V. Conclusion
The results obtained in this work, indicate the following:  Increasing the oxidation time, always increase both of the total acid number, the viscosity and intensity of carbonyl group. Some organic synthesized additives proved to be successful in controlling the oxidation stability of the base stock. The oxidation inhibition efficiency of these compounds depends .We noticed for compound (I), with donating group, has more efficiency than compound (II).  The data reveals that the most effective concentration in case of (600 ppm).  The results show that, by using the quantum chemical calculations (Ab initio {HF/3-21G} and the semiemperical gas phase AM1 {Austin model 1}), the compounds with low energy gap (E) have good inhibition efficiencies which are in good agreement with the practical results.
